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Abstract

Background: Although hen’s eggs are considered a
cause of infantile atopic dermatitis (AD), little is known
about cytokine production upon egg stimulation in in-
fants with AD. Objective: This study aimed to character-
ize the production of IL-4, IL-5 and IFN-y upon stimulation
with ovalbumin (OVA), a representative allergenic pro-
tein of egg, in infants with AD. Methods: Peripheral blood
mononuclear cells (PBMCs) from 68 children with AD,
including 46 infants (<1 year), were stimulated with OVA
and the production of IL-4, IL-5 and IFN-y was measured
with ELISA kits. Results: Upon stimulation with OVA, the
production of IL-4 and IL-5, but not IFN-y, by PBMCs was
significantly higher in infants with AD than in non-atop-
ic controls. OVA-induced IL-5 production peaked in
younger infants (2-5 months) and then decreased with
age increase. In contrast, OVA-induced IL-4 production
peaked at the age of 1-2. This coincided with the serum
level of egg white-specific IgE (EW-IgE). There was a sig-
nificant positive correlation between IL-5 production and
the severity of symptoms in infants with AD, while IL-4
production significantly correlated with the serum level
of EW-IgE. Conclusion: These results demonstrate that
OVA-induced IL-5 production fluctuates with age in a dif-

ferent manner than IL-4 or EW-IgE. Our results suggest
that egg contributes to the development of AD in young-
er infants by inducing the production of IL-5, but not
IL-4.

Copyright © 2005 S. Karger AG, Basel

Introduction

Hypersensitivity to foods is assumed to precipitate the
development of atopic dermatitis (AD) in early childhood
[1-3]. The result of the elimination and challenge tests
for foods demonstrates that hen’s eggs are one of the most
potent food allergens [4, 5]. Indeed, egg white-specific IgE
antibody (EW-IgE) is positive in most infants with AD
[6]. Because there is a positive correlation between the
level of food-specific IgE antibody and the result of oral
food challenge tests, food-specific IgE antibody appears
to be involved in the development of skin lesions in chil-
dren [7-9]. However, since oral food challenge tests ordi-
narily yields immediate hypersensitivity reactions of the
skin such as hives but not AD due to allergic inflamma-
tion [4, 5, 7-9], it is still unclear whether food allergens
actually induce AD.

Allergic inflammation is presently known to play a crit-
ical role in the development of AD [10]. Some investiga-
tors reported that lymphocyte proliferation and cytokine
production upon stimulation with egg proteins is in-
creased in children with AD [11, 12], or other allergic
disorders [13, 14]. However, little is known about the
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production of the representative proinflammatory cyto-
kine IL-5 [15] upon egg stimulation in infants with AD.
The production of IL-4, which enhances IgE synthesis
[16, 17], upon egg stimulation is not clear in these sub-
jects, either.

In this study, we examined the production of I1L-4,
IL-5, and IFN-y by peripheral blood mononuclear cells
(PBMCs) upon stimulation with ovalbumin (OVA) in
children with AD. The results revealed that, although the
production of both IL-4 and IL-5 was elevated in atopic
subjects, the pattern of age-dependent variation as well
as the correlation with symptoms or serum IgE levels is
quite different between them.

Materials and Methods

Subjects

Heparinized peripheral blood was obtained at the time of rou-
tine blood examination from 68 children with AD who visited us
between April 2001 and March 2004, after informed consent was
obtained (table 1). Fifty-five of 68 subjects (80.9%) were positive
for EW-IgE (>0.35 IU/ml). No subjects were given systemic corti-
costeroids. As controls, heparinized blood was similarly collected
from 34 non-atopic children who did not have any serious diseases
(table 1). This study was approved by the ethical review board of
our institute.

AD was diagnosed by the criteria of Hanifin and Rajka [18].
The severity of AD was determined according to the criteria set by
a task force of the Japanese Ministry of Health, Labor and Welfare
as a part of a 2002 Guideline for the Treatment of Atopic Derma-
titis. Briefly, mild: no severe skin lesions, moderate: severe skin
lesions in less than 10% of the body surface, severe: severe skin le-
sions in between 10 and 30% of the body surface, and very severe:
severe skin lesions in more than 30% of the body surface.

Cell Culture

Cell culture was performed according to the previously de-
scribed method [19]. PBMCs were collected by centrifugation of
blood samples over lymphocyte separation medium (ICN Pharma-
ceutical Inc., Tokyo, Japan) and resuspended at a concentration of
1 x 10° cells/ml in RPMI1640 medium (Sigma Aldrich Fine
Chemical, Tokyo, Japan) supplemented with 10% heat-inactivated
human AB serum, 2 mM glutamine and antibiotics (100 U/ml pen-
icillin and 100 pg/ml of streptomycin). The cell suspension was
distributed in each well (0.5 ml/well) in duplicate on a 48-well cul-
ture plate (Falcon 3078, Becton Dickinson, N.J., USA). Cells were
cultured for 6 days in a humidified atmosphere of 5% CO, at 37°C
with or without 100 pg/ml OVA. The concentration of OVA and
the duration of culture were determined by preliminary experi-
ments.

After incubation, the supernatant was collected and stored at
-70°C until the measurement of cytokines. The cells were washed
twice with PBS and fixed with 70% ethanol for the measurement
of lymphocyte proliferation.
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Table 1. Subjects

Age group n Age

AD
2-5 months 17
6-8 months 17
9-11 months 12
1-2 years 10
3-15years 12

4 (2-5) months
6 (6-8) months
9 (9-11) months
1 (1-2) years
5(3-10) years

Controls
0 years 13 5 (1-11) months
1-2 years 9 1 (1-2) years

3-15years 12 5.5(3-12) years

The number and age of the subjects in
each age group are shown. Age is presented
as the median and range.

Measurement of Cytokines and IgE Antibody

IL-4, IL-5, and IFN-y in the culture supernatant was measured
with the enzyme-linked immunosorbent assay (ELISA) kit (Cyto-
screen human IL-4 (ultrasensitive), [L-5, and IFN-y, BioSource In-
ternational, Camarillo, Calif., USA), whose sensitivity was 200 fg/
ml, 1 pg/ml, and 1 pg/ml, respectively. EW-IgE antibody was mea-
sured using a CAP-RAST RIA kit (Pharmacia KK, Tokyo, Japan).

Measurement of Allergen-Induced Lymphocyte Proliferation

Allergen-induced lymphocyte proliferation was measured as de-
scribed previously [20]. Briefly, fixed cells were washed twice with
PBS, and incubated in 500 pl PBS containing 100 pg/ml RNase
(Sigma) at 37°C for 1 h. Cellular DNA was stained by 40 pg/ml
propidium iodide (Sigma). The amount of DNA per cell was ana-
lyzed by flow cytometry (EPICS Elite, Beckman-Coulter, Tokyo,
Japan) and the S-phase cells that appeared in a flat region between
the peaks of the GO/G1- and G2/M-phase cells were measured. The
percentage of the S-phase cells was converted into a stimulation
index using the following equation and expressed as SIF (stimula-
tion index measured by flow cytometry).

SIF = (S-phase cells (%) in a stimulated sample/

S-phase cells (%) in an unstimulated sample) x 100

Statistics

All data are expressed as the median and range. The significance
of differences was estimated by Mann-Whitney’s U test and correla-
tion was tested by Spearman’s rank correlation coefficient. Results
were regarded as significant if the p value was lower than 0.05.

Results

Variation of OVA-Induced IL-4 Production with Age

Increase

IL-4 production upon OVA stimulation showed a
marked age-dependent variation in children with AD (ta-
ble 2). OVA-induced IL-4 production was low in younger
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Table 2. Cytokine production

Age LP (SIF) Cytokine EW-IgE
L4 IL-5 Ny OA/m
fg/ml pg/ml pg/ml

AD

2-5 months 186! <200 13.0 <1 2.54
88-1,333  <200-625 <1-287 <1-110 <0.35->100
17 16 14 13 17

6-8 months 163 <200 1.7 <1 9.08
81-532 <200-740 <1-432 <1-50 <0.35->100
17 17 14 14 17

9-11 months 157 200 <1 <1 11.84
75-552 <200-825 <1-28 <1-15 <0.35->100
12 12 11 11 12

1-2 years 188 4843 <1 1.2 58.28
75-446 <100-1,550 <1-178 <1-46 <0.35->100
10 10 10 10 10

3-15 years 118 225 <1 <1 6.55
77-181 <200-675 <1 <1-4.5 <0.35-96.3
12 10 10 10 12

Controls

2-11 months 114 <200 <1 <1 <0.35
82-240 <200-547 <1-5 <1-7.5 <0.35
13 11 9 11 13

1-2 years 130 <200 <1 32 <0.35
94-244 <200-340 <1 <1-9 <0.35

9 7 7 8 9

3-15 years 123 <200 <1 <1 <0.35
96-156 <200-310 <1 <1-5 <0.35
12 8 6 9 12

Lymphocyte proliferation (LP) upon OV A stimulation, cytokine production by PBMCs
upon OVA stimulation and the serum level of egg white-specific IgE (EW-IgE) is shown as
the median (top) and range (middle) along with the number of subjects (bottom).

SIF = Stimulation index measured by flow cytometry.

! Significantly higher than in control infants (2—11 months) (p < 0.05).

2 Significantly higher than in control infants (p < 0.02) and 3- to 15-year-old children

with AD (p < 0.005).

3 Significantly higher than in controls of 1-2 years (p < 0.05), infants with AD of 4-5
months (p < 0.005) and 6-8 months (p < 0.05).

infants with AD (2-5 months). Then it increased with
age, peaked at the age of 1-2 years, and finally declined
again in older children (3-15 years) (fig. 1). The produc-
tion of IL-4 upon OVA stimulation in younger children
with AD (1-2 years) was significantly higher than in non-
atopic controls aged 1-2 years (p < 0.05), younger infants
with AD (2-5 months) (p < 0.005) or intermediate-aged
infants with AD (6—-8 months) (p < 0.05).

Variation of OVA-Induced IL-5 Production with Age

OVA-induced IL-5 production also showed marked
age-dependent variation (table 2). It peaked in younger
infants with AD (2-5 months), and it was significantly
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higher than in non-atopic infants (<1 year) (p < 0.02) or
older children with AD (3-15 years) (p<0.005). This pat-
tern of variation of IL-5 production was quite different
from that of IL-4 production (fig. 1).

Variation of OVA-Induced IFN-vy Production with

Age

OVA-induced IFN-y production in subjects with AD
was not significantly different from that in control sub-
jects (table 2). Although the mean IFN-y production in
younger children with AD (1-2 years) was lower than that
in non-atopic counterparts (1.2 vs. 3.2 pg/ml), the differ-
ence was not significant.
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Fig. 3. Correlation of the severity of AD with cytokine production, EW-IgE and lymphocyte proliferation. Cor-
relation of OVA-induced IL-5 production (a), IL-4 production (b), IFN-y production (e), egg white-specific IgE
levels (EW-IgE) (d) and OV A-induced lymphocyte proliferation (LP) (e) to the severity of symptoms of AD in
infants (<1 year) is shown. Severity 0: control subjects; 1: mild; 2: moderate; 3: severe; 4: extremely severe. SIF =
Stimulation index measured by flow cytometry.

There were no remarkable changes with age in OVA-
induced IFN-y production. Although a high production
of IFN-vy (>10 pg/ml) was seen in some infants (<1 year)
and younger children with AD (1-2 years), this high pro-
duction was not seen in older children with AD (3-15
years).

Variation of OVA-Induced Lymphocyte Proliferation

with Age

OVA-induced lymphocyte proliferation was signifi-
cantly higher in younger infants with AD (2-5 months)
than in control infants (<1 year) (p < 0.05) (table 2). This
value decreased with age, and no differences were seen
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between AD patients and control subjects after the age of
3 years.

Correlation of OVA-Induced Cytokine Production

with EW-IGE

There was a significant positive correlation between
OVA-induced IL-4 production and the level of serum
EW-IgE (fig. 2a, p < 0.0005) in a combined group of in-
fants and younger children with AD (0-2 years). OVA-
induced IL-4 production was also positively correlated
with the serum level of EW-IgE (p = 0.50) in older chil-
dren with AD (3-15 years), although the correlation was
not statistically significant (fig. 2b).

Kimura/Obi



OVA-induced IFN-y production showed a significant
positive correlation with serum EW-IgE levels in a com-
bined group of infants and younger children with AD
(0-2 years) (fig. 2¢, p < 0.005). In contrast, it was nega-
tively correlated with serum EW-IgE levels in older chil-
dren with AD (3-15 years) (p = -0.30).

The production of IL-5 upon OVA stimulation was
also significantly correlated with the serum level of EW-
IgE in a combined group of infants and younger children
with AD (0-2 years) (fig. 2e, p<0.02). However, lympho-
cyte proliferation upon OVA stimulation did not corre-
late with serum EW-IgE levels (data not shown).

Correlation of OVA-Induced IL-5 Production with the

Severity of Symptoms

OVA-induced IL-5 production was significantly
correlated with the severity of AD in infants (<1 year)
(fig. 3a) (p < 0.0001). A significant positive correlation
was also seen between lymphocyte proliferation upon
OVA stimulation and the severity of symptoms in infants
with AD (<1 year) (fig. 3e) (p <0.001). The production of
OVA-induced IL-4 (fig. 3b) or IFN-vy (fig. 3¢c), or serum
levels of EW-IgE (fig. 3d) did not correlate with the sever-
ity of symptoms.

Discussion

1L-4 is a well-known Th2 cytokine that upregulates IgE
synthesis [16, 17]. We previously showed that EW-in-
duced IL-4 production is positively correlated with the
serum level of EW-IgE, although the number of subjects
in the study was limited [21]. In this study, we again dem-
onstrated a positive correlation between OV A-induced
IL-4 production and serum EW-IgE levels. Moreover, the
variation of OVA-induced IL-4 production with age is
consistent with that of serum EW-IgE levels. These find-
ings suggest that IL-4 induced by OVA stimulation pre-
cipitates IgE synthesis for EW in atopic children.

Since IFN-y has been shown to suppress IgE synthesis
[16], it is expected to be unrelated or negatively corre-
lated with the serum IgE level. Indeed, this is the case in
IFN-y production upon stimulation with HDM [21, 22]
and Candida albicans [22]. However, in this study, it was
found that OV A-induced IFN-y production increased in
proportion to serum EW-IgE levels in a combined group
of infants and younger children with AD (0-2 years). The
cause of such an apparently discrepant phenomenon re-
mains to be elucidated. Although IL-4 appears to play an
important role in the upregulation of IgE synthesis, the

Ovalbumin-Induced Cytokine Production
in Infants

function of IFN-y should be reconsidered in those sub-
jects with AD.

In AD patients, not only the serum level of EW-IgE
and OVA-induced IL-4 production but also OVA-in-
duced IFN-y production is highest in younger children
(1-2 years). Among those factors, only IFN-y production
is lower compared with non-atopic counterparts. This
may suggest that, although IFN-y production apparently
increases in proportion to serum EW-IgE levels, it is in-
sufficient to substantially suppress IL-4-induced IgE syn-
thesis.

IL-5 is another representative Th2 cytokine that fa-
cilitates allergic inflammation by promoting the growth
and activation of eosinophils [10, 15]. Eosinophils and
their products such as ECP are thought to play a critical
role in the pathogenesis of AD [23, 24]. We previously
reported that IL-5 production by PBMCs upon stimula-
tion with HDM or Japanese cedar pollens (JCP) was al-
ready increased in infants with AD, despite a lack of IgE
for these allergens in the serum [20, 25]. In the present
study, we also demonstrated that stimulation of PBMCs
with OVA induces a large amount of IL-5 production in
infants (<1 year) with moderate to severe AD. Food al-
lergens have been regarded as a cause of AD in infants
[1-3]. Although EW-IgE is usually positive in those sub-
jects, it alone cannot explain the development of AD due
to allergic inflammation. This study indicates that IL-5
may be a possible mediator by which egg induces AD in
infants.

IL-5 production, as well as lymphocyte proliferation
was highest in younger infants with AD (2-5 months).
This is in sharp contrast to EW-IgE, which begins to rise
during the first year of life and peaks at or after 1 year of
age [6]. However, this result corresponds to the fact that
AD in children usually develops during the first 6 months
of life [1]. We also observed that AD develops before the
age of 5 months in more than 90% of cases of infantile
AD [unpubl. observation]. Thus, this observation again
suggests that egg proteins, including OVA, contribute to
the development of AD in infants by inducing IL-5 pro-
duction.

Egg is seldom ingested by infants as food before the
age of 5 months since weaning usually starts thereafter.
This means AD develops in infants before oral ingestion
of egg. It is interesting to consider how infants with AD
come into contact with egg proteins before weaning. A
possible way of transfer of egg proteins to infants at the
time of the development of AD is breast milk. Indeed,
breast milk has been demonstrated to contain various
food proteins, including OVA, ingested by mothers [26].
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Thus, breast milk may be responsible for the develop-
ment of AD in infants before weaning.

It isnotable that the incidence of elevated IL-5 produc-
tion by OVA-stimulated PBMCs is rapidly lowered with
age, suggesting that the potential of EW to cause skin le-
sion due to allergic inflammation decreases in children
older than 1 year. This may correspond to the finding that
clinical symptoms induced by oral food challenge tests for
egg, which are ordinarily applied to children after the age
of 1, are usually those belong to immediate hypersensitiv-

A rapid increase and a following drastic decline associ-
ated with age increase in IL-5 production is not unique
to OVA. Similar changes correlating to age are seen in
JCP-induced IL-5 production, which also peaks in infants
(<1 year) [25]. This pattern clearly differs than that of
HDM-induced IL-5 production, which remains high even
after the age of 1, similar to IL-4 production[13, 27]. Such
variations cannot be detected by the use of polyclonal
mitogens [28]. The recognition of these variations may
be essential for a proper understanding of the role of each

ity reactions due to IgE [4, 5].

allergen in the development of allergic disorders.
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